Intestinal atresia was found in 29 animals and stenosis in five. Atresia was found in the duodenum in one pup; in the jejunum in nine calves, two lambs and one piglet; in the ileum in one pup, one lamb and one piglet; and in the colon in one foal, seven calves, one lamb, one piglet and three kittens. Stenosis was found in the duodenum of a foal, in the jejunum in two calves and one pup, and in both the ileum and the colon of a kitten. One lamb showed ilia1 atresia as well as ileal stenosis.
We have found reports of 24 cases of atresia or stenosis of the small intestine in animals. There were 17 in the calf [8, 16, 17, 23, 32, 41] , five in the lamb [lo, 15,22,24,38] , and two in the pup [19, 28] . Atresia or stenosis of the large intestine has been described in 202 animals: 40 cases in foals [2, 7, 11, 33, 47] and 162 in calves [3, 4, 14, 18, 20, 23, 29, 30, 36, 37, 39, 40, 41] .
Atresia has been produced experimentally by occluding the blood supply of the intestine in foetal lambs, dogs, rabbits and chickens [ 1, 9, 26, 43, 44, 45] . The literature often does not differentiate among various types of atresia, and sometimes stenosis also is classified with atresia. In our report we use the term stenosis to denote incomplete occlusion of the intestinal lumen. This may be a localized narrowing of the bowel or an incomplete diaphragm ( fig. 1, a, b) . In contrast, atresia denotes complete intrinsic occlusion of the intestinal lumen as a result of anomalous development of its wall [6] . We distinguish three types of atresia ( fig. 1 , c-f). Type 1, membrane atresia, is caused by a complete diaphragm or membrane. Type 2, cord atresia, is caused by blind ends joined by a small cord of fibrous or muscular tissue or both, with or without mesentery. Type 3, blind-end atresia, is caused by absence of a segment of the intestine, with disconnected blind ends and a gap in the mesentery, and often a short small bowel.
In man there is a fourth type, a variant of type 3, called "apple peel" or "Christmas tree" atresia. In this type the jejunum ends blindly and the blind end of the ilium is wrapped around the ileo-colic artery like an apple peel [46] .
Materials and Methods
Over a period of 11 years, 31 animals with intestinal atresia were seen at the Institute of Veterinary Pathology, Utrecht, during routine examination. NGeteen animals came from the university clinics, six were brought to the Institute by the veterinarian or owner, and six came from the Animal Health Centre. Three cases were brought to the Institute of Anatomy and Embryology in Amsterdam. Only the intestinal tracts of seven animals were sent for examination. All animals came from different herds and places in the Netherlands. As far as we could gather there was no relationship among any animals.
Autopsy specimens were fmed in 4% buffered formaldehyde. Paraffm sections 6 pm thick were stained with haematoxylin and eosin (HE), van Gieson and periodic acid-Schiff (PAS).
Results
Type 1 atresia was found in the small intestine of three calves and one pup. In calf 1 (table I, fig. 2, 3) , the membrane consisted of a small amount of connective tissue covered on both sides by muscularis mucosae and mucosa. Calf 2 was similar microscopically. Surgery was done on calf 2, but the very dilated intestines proximal to the atresia made it impossible to do intestinal resection, so the calf was killed.
Type 2 atresia was found in six animals: four calves ( fig. 4 ) and two lambs, three times in the small intestine and three times in the colon. In calf 5 the cord consisted ' Also examined microscopically. mainly of muscle with a small amount of connective tissue. In calf 6 and lamb 10 the cord consisted of muscular tissue and distinct plexi of Auerbach (fig. 5 ). Connective tissue was scant. Lamb 7 had a 1-cm-long atresia of the ileum, and, 5 cm distal to it, a %to 1-cm-long stenosis of the ileum. Calf 5 had a preperforative peritonitis.
Type 3 atresia was found in 19 animals, the largest group: one foal, nine calves, two lambs, three piglets, one pup and three kittens ( fig. 6 ). It was in the small intestine in 9 anirnals.and in the colon of 10.
Only one atresia was found in the duodenum, in a pup. Two cm of the duodenum were missing, at the midpoint of the pancreatic corpus. The blind ends were connected by pancreatic tissue. This pup had a dilated esophagus, and also had pleuritis and acute catarrhal pneumonia. Bacteriologic examination showed Pusteurellu multocidu. Case 28, a kitten, also had pneumonia.
Lamb 17, a two-day-old male, had a red jejunum and may have had a torsion of the cranial part of the jejunum, although this was not clearly visible at necropsy.
Stenosis was found in the small intestine, and in one case also in the colon, in five animals: one foal, two calves, one pup, and one cat ( fig. 7 ). The foal also had a local chronic peritonitis at the point of stricture, with connective tissue between the duodenum and jejunum. The ductus choledochus was dilated. Calf 3 1 had a stenosis caused by a mucosal fold that nearly closed the passage. Microscopically the fold consisted of connective tissue with normal mucosa.
In pup 33, yellow, opaque fluid, caused by a stomach rupture, was found in the abdomen. The stenosis was patent to a small probe.
Discussion
In our study, as well as in the literature, atresia in foals and kittens occurred only in the colon, while in puppies it occurred only in the small intestine. In lambs, atresia previously had been found only in the small intestine, but in one of our three lambs it was in the colon. We found no reports of atresia in piglets, but our two pigs had atresia of the small intestine and one had atresia of the colon.
Atresia is different in each animal species, which makes it difficult to compare it with that in man. Multiple atresia of the intestine has been reported frequently in man, but is not described in animals. Only multiple stenosis was found in our animals.
Congenital atresia of the intestine has been reported in human families [ 12, 3 11, the most frequent form being duodenal atresia in siblings [3 I]. There was no familial relationship in our animals. One researcher [47] described 25 cases of colon atresia in foals sired by the same stallion, and another [33, 341 described colon atresia in three foals from the same sire. Atresia is reported to be an inherited lethal defect in calves and foals [35] . An autosomal recessive lethal factor was described in six Swedish Highland cattle with atresia ilei, occurring after inbreeding with a Swedish Highland bull [32] . In another study 141, increased occurrence of atresia coli was found in one area of East Germany over a period of 2+ years; the 129 calves affected were sired by 15 bulls with special genotypes [4] . The calves in our study were not related. They were of different breeds, Friesian and MRY, and came from different farms in the Netherlands.
There are numerous theories concerning the causes of atresia and stenosis. It has been suggested that cells originally occluding the lumen fail to break down [42] . More recent investigation has shown that this is true only for the duodenum [27] . For atresia of the small bowel and colon, three causes have been suggested: besides developmental anomalies (primary hypoplasia, abnormal influence of the ductus omphalomesentericus, congenital absence of arteries) and inflammatory causes (meconium peritonitis and enteritis), the most important theory is that atresia is the result of mechanical lesions of the blood supply (volvulus, intussusception, omphalocele, malrotation, strangulation) [ 13, 441 . The hypothesis of a "vascular accident" with an episode of ischaemia is the most widely accepted theory on the pathogenesis of intestinal atresia, especially of the mid-gut [44] . Experiments done in lambs, dogs, rabbits and chickens have shown that a persistent occlusion of the blood supply of the foetal intestine results in atresia, especially types 2 and 3, of the jejunum, ileum or colon [ 1, 9, 26, 43, 44, 45] . Even temporary occlusion of the blood supply of the intestine may result in atresia [44] . There must be another pathogenesis of type 1 atresia.
In newborn human beings with meconium ileus caused by fibrocystic disease, intestinal atresia may result from intramural scarring and luminal obliteration, with secondary occlusion by cicatrization [5] . Cystic fibrosis, however, has not been found in domestic animals.
In human beings, duodenal obstruction often is accompanied by other malformations, notably mongolism [25] . One researcher [26] found other malformations in 55% of children with duodenal atresia, but in only 7% of children with jejunal and ileal atresia. The location of the malformation also varied: especially in children with jejunal or ileal atresia, the malformations were intra-abdominal (malrotation). This suggests that the pathogenesis of duodenal atresia may differ from that of jejunal and ileal atresia.
In horses, atresia is associated with brain gliomata [47] and hydrocephalus [21] . In calves it often is associated with urogenital anomalies [41] . In our 34 animals no other malformations were found, but lamb 17 may have had a torsion of the cranial part of the blind-end atresia of the jejunum.
